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Abstract 
The Minpu Bridge for the Pudong Airport Expressway is a large double-deck cable-stayed bridge over the Huangpu 
River, Shanghai. It is also an important structure to link the local road system. The bridge has two towers, double 
cable planes and composite truss stiffening girder. Its substructure includes piers on drilled piles. Its spans are 
arranged as: 4h63+708+4h63m,with a total length of 1212m. It becomes the longest double-deck highway cable-
stayed bridge in the world on its completion. The basic seismic fortification intensity at bridge site is 7 degrees, and 
there are no specific seismic design codes for such special bridge in China. Therefore, it is very important to carry out 
the seismic performance study of the Minpu Bridge to ensure the seismic safety. In this paper, the dynamic response 
simulations of the entire bridge are undertaken on the procedure as following: The first stage is to establish a three-
dimensional dynamic finite element analytical model to analyze the dynamic characters and seismic response of 
structure by the methods of response spectrum and nonlinear time-history analysis, then to identify the vulnerable 
parts of the bridge and to check its seismic capacity according to the seismic performance requirements assigned by 
owner. Next, to propose the design revision or to develop seismic damping and isolation measures such as viscous 
dampers parameters and girder-pier lateral restraints to improve the structural seismic performance. At last, according 
to the results of the dynamic analysis, the suggestions of the bridge design and the seismic safety evaluation of the 
structure are presented. Application of research results shows that seismic damping and isolation measures described 
in the paper is feasible, effective and applicable. 
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1. INTRODUCTION
The Minpu cable-stayed bridge is a floating system bridge. It has double decks, two towers, double cable 
planes and composite stiffening truss (Fig.1). The main span is over the Huangpu River and there are 
three auxiliary piers in the side spans. The spans of the Minpu Bridge are: 4h63+708+4h63=1212m. 
The tower is an H-shaped reinforced concrete straight columns tower, which is 210m high. The tower 
base is pile foundation (pile diameter ĭ900mm), which includes 385 piles in Pudong and 345 piles in 
Puxi respectively. The lengths of piles are 53m and 66.5m respectively. The form of side pier and 
auxiliary piers is two-column bent with pile foundation.  
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Figure 1: The main layout of the Minpu Bridge 
The girder of the main span is full welded steel truss combined with the upper and lower orthotropic steel 
bridge deck. The N-shaped steel truss is 9m depth, the adjacent node distance of which is 15.1m. The 
cross section of the trussed girder is an inverted trapezoidal, whose the upper and lower deck widths are 
41.5m and 27m respectively. The trussed girder is made up of upper deck’s middle and edge chord, lower 
deck’s chord, vertical web bar, diagonal bar, and brace rod. There is a main diaphragm in the upper and 
lower decks with every interval of 15.1m.  
The girder of the side span is a combination of the composite truss and prestressed concrete bridge decks. 
The N-shaped composite truss is 9m depth, the adjacent node distance of which is 10.5m. The cross 
section of girder is the same as that of the main span. All the chords of upper and lower decks are stiff 
steel skeletons out encapsulated by concrete. The vertical web bar and diagonal bar are steel box shaped 
member, a part of which are filled with concrete to increase their carrying capacity. The brace rods are H-
shaped steel beam.  
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The bridge has 8h22 pairs (176) of stay cables, which are made up of high-strength paralleled wire and 
outer packed high-density polyethylene. The standard cable distance is 15.1m in main span, and 10.5m in 
side span.  
2. THE SEISMIC ANALYSIS RESEARCH AND DESIGN PROCEDURE 
Allowing for the importance and the design details of the Minpu Bridge, the seismic analysis procedures 
are described as following: First, it is needed to establish a three dimensional finite element dynamic 
analysis model, and to analyze the dynamic characters and seismic response. Then, identify the vulnerable 
locations, and check the seismic capacity of them. Based on the analytical results, propose the design 
revision or study further seismic isolation measures. At last, present the seismic safety evaluation of the 
bridge. 
3. SEISMIC DESIGN CRITERIA 
The seismic research of the Minpu Bridge is carried out in accordance with the two fortification levels, 
two-stage seismic design, in which the level 1 is equivalent to the design earthquake, and the level 2 to 
rare earthquake. The former controls the strength of members and the latter controls the displacement. 
According to the difficulty of post-earthquake repair and the risk degree of economic loss after the 
earthquake, the main components of the Minpu Bridge adopt the seismic fortification levels and 
corresponding performance objectives which are shown in the Table.1.  
Table 1: Seismic fortification levels, performance objectives 
 fortification levels Performance objectives 
Level 
1 
10% 
exceeding 
probability in 
100 years  
Tower are essentially elastic; 
The pile foundations are essentially elastic. Allow the single pile capacity 
increasing 1.1 factor; 
Side piers are minor inelastic response, narrow cracking in concrete; 
The bearings provide full service. 
Level 
2 
3% exceeding 
probability in 
100 years  
Towers are minor inelastic response, narrow cracking in concrete ; 
Allow the upper transverse beam of towers to yield, but ductility is less 
than 1.5; 
The lower transverse beam of towers are minor inelastic response, narrow 
cracking in concrete  
The girder essentially elastic; 
The side piers have enough ductility to meet the requirements of 
deformation and no collapse. The transverse beam of side piers and 
subsidiary piers are minor inelastic response, narrow cracking in concrete; 
Allow the bearings occur shear failure; 
The pile foundations are minor inelastic response, narrow cracking in 
concrete. Allow the single pile capacity increasing 1.5 factor. 
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Figure 2:  ground motion parameters 
According to ‘the Seismic Safety Report of Construction Site of the Pudong Airport Expressway’, the 
basic seismic intensity of the bridge site is 7 Degree. Because of the different site condition of both sides 
(Wujing and Duhang), their site response spectrums are different, the horizontal ground response 
spectrums are shown in Fig.2a. Several seismic waves of both sides are also provided in report, and 
Fig.2b is one of the Duhang side’s ground acceleration time history sample curve, which is representative 
of the 3% exceeding probability in 100 years. 
4. THE FE MODEL AND DYNAMIC CHARACTERISTICS ANALYSIS 
Based on the design drawings of the Minpu Bridge, a spatial finite element model is established, as is 
shown in Fig.3. In model, the vertical and lateral constraints between the tower and truss as well as 
between the girder and piers also are set. To consider the effect of soil structure interaction kinematic 
three translational and three rotational soil springs with their coupling effects are considered at the 
foundations of towers and piers. 
According to the dynamic analysis of bridge, the former ten order’s dynamic characteristics and the 
corresponding typical models are calculated and shown in Fig.4.
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Figure 3:  The Spatial Dynamic Analytical Model 
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Figure 4:  Typical Model Shapes of the bridge 
5. Research of the seismic performance 
5.1. Spectrum analysis of bridge seismic response 
Based on the established spatial dynamic FE model, response spectrum method is performed to calculate 
the structural seismic response associated with two levels mentioned above respectively. During the 
calculation, the damping ratio is considered as 3%, and CQC method is used, with the first 300 model 
shapes taken into consideration. The input excitation includes longitudinal plus vertical, and lateral plus 
vertical, which combination of input direction is SRSS method. Designed response spectrum of the 
vertical designed earthquake is the same as that of the horizontal, however, is valued as half as the 
corresponding horizontal one. Table.2 shows the calculation results when subjected to higher level of 
earthquake. 
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Table.2 Max forces at bottom of tower and piers (MN, m)
Location 
Longitudinal plus vertical Lateral plus vertical 
Axial force Shearing force Bending moment Axial force Shearing force Bending moment
Tower 57(152) 44(283) 1763(4136) 96(149) 67(277) 1318(6867) 
Pier.4 14(30) 5(19) 152(337) 21(25) 6(16) 135(731) 
Pier.3 14(29) 5(19) 144(320) 25(28) 11(28) 237(1076) 
Pier.2 13(27) 5(19) 136(304) 30(22) 16(37) 333(1479) 
Pier.1 8(18) 6(21) 189(416) 24(13) 21(47) 424(1645) 
Note:Pier.1 refers to side pier; Pier.2~ Pier.4 refer to auxiliary piers; all as shown in Fig.3 
The data in brackets refers to Max internal forces at the pile cap’s bottom of tower and piers 
 
The structural dynamic characteristics and analysis results in Table.2 show that: 
The first order of the bridge is the longitudinal floating of the main girder. During an earthquake, the 
main girder can be damaged by collisions with the approach, lead to the significant longitudinal 
displacement. As a result, shock absorption measures should be studied by nonlinear time-history analysis 
method to reduce the relevant displacement mentioned above. 
For the reason of the lateral constrains between girder and piers, seismic responses of pile foundations 
and bottom sections of the auxiliary and side piers are beyond the ultimate bearing capacity of the 
components under the lateral earthquake. The possible structural measures should be considered to 
improve the seismic performance of the structure and satisfy the expected performance objectives. 
5.2. Nonlinear time history analysis 
Base on the clear understanding of the vulnerable status and locations, it is necessary to do the nonlinear 
time history analysis under the earthquake of level 2 to improve the structural seismic performance. There 
are two purposes of the analysis, the first is to study the viscous dampers parameters for controlling the 
longitudinal displacement of girder, and the second is to find out suitable lateral constraints between the 
piers and the girder for reducing the lateral seismic responses of piers. 
5.2.1. The parameters analysis of longitudinal viscous dampers  
Viscous dampers are common measures to limit the longitudinal displacement for long span cable-stayed 
bridge. The damping force provided by viscous damper is following that F=CVȗ, where C is the damping 
coefficient, V is the relative velocity and ȗ is the velocity exponent. The structure seismic response is 
changing with C and ȗ. 
Hence, considering installing a pair of longitudinal viscous dampers between lower transverse beam of 
tower and girder and paying attention to the mechanical behavior of the key parts, the parameter 
sensitivity analysis of the seismic structure response is carried out to choose viscous dampers design 
parameters. The range of C and ȗ parameters was selected to investigate a wide spectrum of 
values. Fig.5 shows the analytical results of C and ȗ parameters. 
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Figure 5:  Internal forces of tower 
Fig.5 shows the seismic responses of the tower column section below the lower diagram (Sect. A) and the 
bottom of the pile cap (Sect. C). Values in the figures show that viscous dampers are not only increasing 
the axial force but also decreasing the shear and moment. Along with the increase of C, the axial force of 
the sections is increasing and the shear and moment are decreasing. But with the further increase of C, the 
improvement of seismic response is not significant. The relative ideal choice of viscous damper 
parameters is that C is bigger and ȗ is at range of 0.3~0.5. 
Fig.6 shows that viscous dampers can control the relative displacement of key parts. Along with the 
increase of C, the relative displacement of key parts is decreasing. The comparatively ideal parameters are 
bigger C and smaller ȗ. However, Fig.7 reveals that the damping force will be bigger if C is increasing 
and ȗ is decreasing. 
Through the comprehensive comparative analysis, on condition that the internal forces is not increasing 
more as well as the relative displacement of key parts are less than allowed, the most suitable ranges of 
viscous dampers parameters are that C=3000̚5000KN· m/s, ȗ=0.3̚0.5. The corresponding damping 
force is about 2400̚3300KN. The relative displacement between girder and pier at the position of pier1 
can be reduced by 16%̚20%. 
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Figure 6:  The relative displacement 
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Figure 7: The damping force 
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5.2.2. The seismic response analysis under different pier-girder lateral constraints at Pier.1 
From the response spectrum analysis mentioned above, it is known that the seismic responses of the 
bottom of pier (Sect. B bellow) and bottom of pile cap (Sect. C bellow) at Pier.1~ Pier.4 are beyond the 
ultimate bearing capacity of the components if there are lateral constraints between the tower and girder 
as well as between the pier and girder. To improve the seismic performance of piers and pile foundations, 
it can be designed that there are no lateral constraints between the auxiliary piers and girder. Moreover, 
the expected structure performance objectives can be achieved by changing the pier-girder lateral 
constraints of Pier.1.  
In order to discuss which kinds of lateral restraints at pier 1 is more suitable, nonlinear time history 
analysis of the seismic response is performed. Three kinds of pier-girder lateral constraint at Pier.1 which 
are: the type A is that constraints are set at the upper and lower deck of girder; the type B is that none of 
constraints is set at the upper and lower deck of girder; the type C is that the constraint is set only at the 
lower deck of girder are respectively studied.. 
The result of nonlinear time history analysis reveals: generally, the seismic response of constraint type A 
is nearly the same as that of constraint type C and the seismic response of constraint type B is smaller. 
The stress distributions of the upper deck’s middle chord of girder along the longitudinal direction are 
similar with the upper deck’s edge chord and the lower deck’s chord, and just as shown in Fig.8a. At the 
condition of constraint type C, there is a dramatic stress change in the vertical web bar, diagonal bar and 
brace rod of girder on the range from Pier.1 to Pier.2 (Fig.8b, Fig.8c). For the key sections of tower, 
Pier.3 and Pier.4, the seismic response is the most at the condition of constraint type B, but it is the least 
for Pier.1 and Pier.2. The seismic response of Pier.1 is the most sensitive to the change of these three 
kinds of constraints (Fig.9). 
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Figure 8:  Stress distribution of the girder’s components 
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Figure 9:  Internal forces of the side pier and subsidiary pier key section 
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After the component capacity checking, it is suggested that, the constraint type C is the most dangerous 
constraint and should be avoided, the constraint type B is the best choice for the pier-girder lateral 
constraint of Pier.1 if the suitable lateral shear keys are set at all piers. 
6. CONCLUSION AND SUGGESTION 
This paper discusses the seismic response characteristics of the Minpu Bridge. A three dimensional finite 
element model was created to investigate seismic response of bridge and conduct sensitive analysis of 
some design parameters of viscous damper and three kinds of pier-girder lateral constraint at Pier.1. There  
are some conclusions and suggestions following: 
1.Viscous damper can play a role of controlling the longitudinal displacement of the bridge to reduce 
impact damage. The most suitable ranges of design parameters are that C=3̚5 MN· m/s, ȗ=0.3̚0.5. 
The relative displacement between girder and Pier 1 can be decreased by 16%̚20%. 
2.The change of girder-pier lateral constraint at Pier.1 can influence the seismic response of girder, pier 
and pile foundation. Suggestion for the girder-pier lateral constraint is to set lateral shear keys at Pier 1~ 
Pier 4 to meet normal serviceability requirement, which can be broken to reduce the lateral seismic 
response of side piers and auxiliary piers during an earthquake. 
3.To the adjusted bridge design, the main components can meet the performance objectives under the 
corresponding seismic fortification criterion. However, some Detail changes also need to be done, such as 
strengthening the connection between piles and pile cap, setting more stirrup at the potential plastic hinge 
zone of pier, and adding the design details at the connection of the diaphragm and columns of tower.  
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